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Resumen
(VWXGLR SUHOLPLQDU GH OD OL[LYLDFLyQ GHO RUR
DSDUWLUGHXQPLQHUDODXUtIHURSURFHGHQWHGH
0DUPDWR&DOGDVFRPRDJHQWHVOL[LYLDQWHVVH
HPSOHDURQWLRXUHD\FLDQXURVyGLFR(OHVWXGLR
VHGHVDUUROOyHQWUHVHWDSDVFDUDFWHUL]DFLyQ
GHO PLQHUDO PHGLDQWH 'LIUDFFLyQ GH 5D\RV
; '5; (QVD\R DO )XHJR \ FXDQWL¿FDFLyQ
GH RUR SRU $EVRUFLyQ $WyPLFD $$ 
UHDOL]DFLyQGHOL[LYLDFLRQHVFRQORVDJHQWHVD
PXHVWUDVPLQHUDOHVGHJGXUDQWHKRUDV
FRQXQDDJLWDFLyQGH USP\ WHPSHUDWXUD
DPELHQWH WRPDQGR PXHVWUDV GH VROXFLyQ D
LQWHUYDORVFRQWURODGRVGHWLHPSR\DQiOLVLV
Abstract
$SUHOLPLQDU\VWXG\ZDVPDGHE\OHDFKLQJJROG
IURPDJROGRUHIURP0DUPDWR'HSDUWDPHQWRI
&DOGDV$VOHDFKLQJDJHQWVZHUHXVHGWKLRXUHD
DQG VRGLF F\DQLGH 7KH VWXG\ ZDV GLYLGHG
LQWR WKUHH VWDJHV 7KH ¿UVW RQH ZDV WKH RUH
FKDUDFWHUL]DWLRQE\;UD\GLIIUDFWLRQ ;5'
SOXV JROG ¿UH HVVD\ DQG D TXDQWL¿FDWLRQ E\
$WRPLF$EVRUSWLRQ$$,QWKHVHFRQGVWDJH
OHDFKLQJZDVFDUULHGRXWRQPLQHUDOVDPSOHV
DJHQWVRIJGXULQJKRXUVZLWKDJLWDWLRQ
DW  USP DQG HQYLURQPHQWDO WHPSHUDWXUH
WDNLQJ VROXWLRQ VDPSOHV DW FRQWUROOHG WLPH
LQWHUYDOV 7KLUG DQ DQDO\VLV RI WKH JROG
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I. INTRODUCCIÓN
(VPLVLyQGHODPHWDOXUJLDH[WUDFWLYDVHSDUDU
ORVPHWDOHVGHPD\RULQWHUpVKDVWDSURGXFLUORV
HQXQHVWDGRGHUHODWLYDSXUH]DSDUDSRGHUORV
XWLOL]DU /D LQGXVWULD PLQHUD HQ SDUWLFXODU
OD DVRFLDGD D OD H[SORWDFLyQ GH ORV PHWDOHV
SUHFLRVRVLQGLVFXWLEOHPHQWHKDWHQLGRXQSHVR
LPSRUWDQWH HQ HO GHVDUUROOR GH OD HFRQRPtD
PXQGLDODORODUJRGHODKLVWRULD'HVGHDQWHV
GH OD OOHJDGD GH ORV HVSDxROHV HQ&RORPELD
VHKDQH[SORWDGRPLQDVTXHFRQWLHQHQPHWDOHV
SUHFLRVRV\PiVUHFLHQWHPHQWHVHKDQEXVFDGR
PHMRUDVHQORVSURFHVRVGHH[WUDFFLyQ\VHKDQ
LPSXHVWR UHJXODFLRQHVPLQHUDV TXH WUDWDQGH
OLPLWDU HO XVR GH FLHUWRV DJHQWHV (O SURFHVR
GH OL[LYLDFLyQ FRQ FLDQXUR VH KD HPSOHDGR
FRQ ³p[LWR´ GHVGH ¿QDOHV GHO VLJORXIX en la 
REWHQFLyQ GH RUR \ SODWD SHUR GHELGR D ORV
HIHFWRVQHJDWLYRVVREUHHOPHGLRDPELHQWHGH
HVWHDJHQWH\DODVVXEVHFXHQWHVUHVWULFFLRQHV
HVWDEOHFLGDVVHEXVFDQQXHYDVDOWHUQDWLYDVTXH
JHQHUHQH[FHOHQWHVSRUFHQWDMHVGHH[WUDFFLyQ
\ XQD PHMRU DFHSWDFLyQ DQWH ODV HQWLGDGHV
PLQHUDVGHFRQWURODPELHQWDOSRUHVWDUD]yQ
HO SUHVHQWH HVWXGLR EXVFD LPSOHPHQWDU OD
WLRXUHD KDFLHQGR OL[LYLDFLRQHV GH RUR FRQ
DPERVPpWRGRVSDUDFRPSDUDUHOUHQGLPLHQWR
HQODUHFXSHUDFLyQGHRUR\JHQHUDUSURFHVRV
DOWHUQDWLYRVHQODLQGXVWULDPLQHUDQDFLRQDO
II. PROCEDIMIENTO EXPERIMENTAL
A. Pruebas y materiales
1) Cuarteado y preparación mecánica del 
mineral: (OFXDUWHRHVXQDRSHUDFLyQSRVWHULRU
DO PXHVWUHR OD FXDO QRV SHUPLWH FRQWLQXDU
disminuyendo la cantidad de muestra hasta 
WHQHUXQDPXHVWUD³SURPHGLR´\UHODWLYDPHQWH
UHSUHVHQWDWLYD GH XQ WRGR GH JUDQ YROXPHQ
*HQHUDOPHQWH HO FXDUWHR UHDOL]DGR HQ HO
ODERUDWRULRHVHOGHSRUFRQRV>@
2) Difracción de rayos X (DRX): /DGLIUDFFLyQ
GHUD\RV;HVXQRGHORVIHQyPHQRVItVLFRVTXH
VHSURGXFHQDOLQWHUDFFLRQDUXQKD]GHUD\RV;
GHXQDGHWHUPLQDGDORQJLWXGGHRQGDFRQXQD
VXVWDQFLD FULVWDOLQD >@ (VWD WpFQLFD SHUPLWH
GHWHUPLQDU ODV IDVHV FULVWDOLQDV SUHVHQWHV HQ
HOPLQHUDODXUtIHURHQHVWHSURFHVRVHXWLOL]y
HOHTXLSRGHGLIUDFFLyQGHUD\RV;3DQDOLWLFDO
[SHUWSUR FRQ XQ iQRGR GH &X .$OSKD
>c@  FRQ¿JXUDFLyQ GH JHQHUDGRU
GH P$  N9 \ FRQ XQ EDUULGR GH  D
JUDGRVWDPDxRGHSDVRGHJUDGRV\
WLHPSRGHFRQWHRGHVHJXQGRV
3) Ensayo al fuego: (OFRQRFLGRSURFHGLPLHQWR
GH HQVD\R DO IXHJR JHQHUD UHVXOWDGRV
FXDQWLWDWLYRV GH PHWDO GH LQWHUpV HQ XQ
PLQHUDO/DVPXHVWUDVVHPH]FODQFRQDJHQWHV
IXQGHQWHV TXH LQFOX\HQ HO y[LGR GH SORPR
OLWDUJLULR\VHIXQGHQDDOWDWHPSHUDWXUD(O
y[LGRGHSORPRVHUHGXFHDSORPRTXHFROHFWD
HOPHWDOSUHFLRVR&XDQGR ODPH]FOD IXQGLGD
VROLGL¿FDHOSORPRSHUPDQHFHHQHOIRQGR>@
Fusión del mineral: 'HOPLQHUDOSXOYHUL]DGR
VHWRPDURQJTXHIXHURQGLYLGLGRVHQFXDWUR
SDUWHV LJXDOHV \ PH]FODGRV FRQ HO PDWHULDO
IXQGHQWHGHQWURGHORVFULVROHVTXHVHOOHYDURQ
DXQKRUQRPXÀDDXQDWHPSHUDWXUDGH
& KDVWD TXH HO PDWHULDO VyOLGR VH IXQGLy
/DV FRTXLOODV GH DFHUR IXHURQ SUHFDOHQWDGDV
SDUD KDFHU HO SURFHVR GH FRODGD FRQ XQ OHYH
PRYLPLHQWRSDUDDVHJXUDUTXHWRGRHOSORPR
VHSUHFLSLWHMXQWRFRQHORUR\ODSODWDXQDYH]
VROLGL¿FDGRHOPDWHULDOVH OHGHVSUHQGLy WRGD
ODHVFRULDIRUPDQGRXQFXERHQFDOLHQWHFRQ
HO3E$X$JSDUDSURFHGHUDODFRSHODFLyQ
Copelación: /RVFXERVREWHQLGRVGHOSURFHVR
GHIXVLyQVHGHSRVLWDURQHQFRSHODV\VHOOHYDURQ
DXQKRUQRWLSRPXÀDDWHPSHUDWXUDGH&
GRQGHODPD\RUtDGHO3E2HVDEVRUELGRSRUOD
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FRSHOD\HOUHVWRVHYRODWLOL]DTXHGDQGRFRPR
UHVLGXRXQGRUHEULOODQWHIRUPDGRSRU$J$X
5H¿QDFLyQ GHO GRUH (O GRUH IXH SHVDGR \
OXHJR ODPLQDGR SDUD SDVDU D OD VHSDUDFLyQ
GH OD SODWD HQ XQD VROXFLyQ HQ FDOLHQWH 
&GHDJXD\iFLGRQtWULFRHQSURSRUFLyQ
UHVSHFWLYDPHQWHSDUDGDUOHEULOORDORURSRU
ODWRQDOLGDGRSDFDVHODYDODOiPLQDHQiFLGR
QtWULFR SXUR GH QXHYR OD OiPLQD HV SHVDGD
\ SRU GLIHUHQFLD GH SHVRV HV HQFRQWUDGD OD
FDQWLGDGGHRUR\SODWDSUHVHQWHVHQHOPLQHUDO
4) Espectroscopia de absorción atómica: /D
HVSHFWURVFRSLDGHDEVRUFLyQDWyPLFDVHHPSOHD
HQODGHWHUPLQDFLyQFXDOLWDWLYD\FXDQWLWDWLYD
GH DSUR[LPDGDPHQWH  HOHPHQWRV /D
VHQVLELOLGDGGHORVPpWRGRVDWyPLFRVHVWiHQ
ORV OtPLWHV GH SDUWHV SRUPLOOyQ D SDUWHV SRU
PLOPLOORQHV>@
(O SURFHVR GH DEVRUFLyQ DWyPLFD SDUD OD
FDOLEUDFLyQGHOHTXLSRVHKL]RFRQXQDÀDPD
GHDFHWLOHQRDLUHVHLQVWDOyODOiPSDUDGHRURD
P$GHFRUULHQWH\QPGHORQJLWXGGH
RQGD6HSUHQGHODÀDPD\VHOHGDHOWDPDxR
DSUR[LPDGR GH  FP GH DOWR \ FRORU D]XO
LQWHQVR KDFLHQGR SDVDU SRU HO FDSLODU FDGD
PXHVWUD SDWUyQ \ ODV PXHVWUD GH OL[LYLDFLyQ
WRPDQGRODOHFWXUDHPLWLGDGHDEVRUFLyQ>@
Digestión del mineral. 'HO PLQHUDO
SXOYHUL]DGRVHVDFDURQJGLYLGLGRVHQWUHV
SDUWHVLJXDOHV\YHUWLGRVHQXQEDOyQDIRUDGR
GHEDVHSODQDHQVROXFLyQFRQDJXDUHJLDHVWD
PH]FODVHSXVRVREUHXQDHVWXIDGHDJLWDFLyQ
DUSPGXUDQWHVHLVKRUDVORJUDQGRGHHVWD
IRUPDODGLVROXFLyQGHORURPHWiOLFRSUHVHQWH
HQHOPLQHUDO
5) Cianuración: (QHVWD HWDSD VH HIHFWXDURQ
WUHVOL[LYLDFLRQHVFRQJSDUDFDGDXQDGHODV
VLJXLHQWHVFRQFHQWUDFLRQHVGHFLDQXUR
\J/UHVSHFWLYDPHQWH(O
SURFHVR GH OL[LYLDFLyQ VH KL]R FRQ DJLWDFLyQ
PHFiQLFDD USPGXUDQWHRFKRKRUDVS+
DWHPSHUDWXUD\SUHVLyQDPELHQWH
6) Tioureación: 6H WRPDURQ QXHYHPXHVWUDV
GH  J FDGD XQD SDUD HVWH SURFHVR GH
WLRXUHDFLyQ VH HPSOHy )H iFLGR VXOI~ULFR
WLRXUHD\S+FRPSUHQGLGRHQWUHFRQ
DJLWDFLyQ PHFiQLFD GH  USP GXUDQWH XQ
SHULRGRGHRFKRKRUDV
III. ANÁLISIS DE RESULTADOS
A. Caracterización del mineral
1) Difracción de rayos X (DRX): /XHJRGHO
HQVD\R SXGR HVWDEOHFHUVH TXH VH WUDWD GH XQ
PLQHUDOFRPSOHMRTXHQRVHSXHGHFODVL¿FDU
FRPRVLOtFLFRRIHUUXJLQRVR6HKDFHPHQFLyQ
HVSHFLDO D ODV IDVHV TXH FRQWLHQHQ KLHUUR \
FREUH SRUTXH VRQ ODV TXH SXHGHQ HOHYDU
HO FRQVXPR GH DJHQWH OL[LYLDQWH $GHPiV
FRQRFLHQGR ODV HVSHFLHV PLQHUDOHV SUHVHQWHV
VHGLVHxyODPH]FODDGHFXDGDSDUDHIHFWXDUORV
HQVD\RVDOIXHJR
*Ui¿FD'LIUDFWRJUDPDGHUD\RV;FRQODVHVSHFLHV
SUHVHQWHVHQHOPLQHUDOGHHVWXGLR
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2) Ensayo al fuego:/XHJRGHODFRSHODFLyQ
HO GRUH IXH SHVDGR HQFRQWUiQGRVH TXH FDGD
WRQHODGDGHPLQHUDOGHHVWXGLRFRQWHQtD
JGH$X$J/XHJRGHKDFHUODVHSDUDFLyQGH
RUR \ SODWD VH HQFRQWUy XQD SpUGLGD HQ SHVR
GH J TXH SHUWHQHFHQ D OD FDQWLGDG
GHSODWDFRQWHQLGDHQHOGRUH/RVJ
SHUWHQHFHQDODFDQWLGDGGHRURSUHVHQWHVHQ
JGHPLQHUDOSRUFRQVLJXLHQWHWHQGUHPRVTXH
SRUFDGDWRQHODGDGHPLQHUDODXUtIHURH[LVWHQ
JGHRUR
3) Espectroscopia de absorción atómica:'H
OD VROXFLyQ PDGUH GH RUR GH  SSP VH
WRPDURQDOLFXRWDVSDUDSUHSDUDUWUHVVROXFLRQHV
SDWUyQGLOXLGDVGHSSPSSP\SSP
(O HTXLSR GH HVSHFWURPHWUtD GH DEVRUFLyQ
DWyPLFDIXHFDOLEUDGRVHJ~QHOSURFHGLPLHQWR
SDUDHO3HUNLQ(OPHU'HHVWDIRUPDVH
HQFXHQWUDTXHFDGDWRQHODGDGHPLQHUDOWHQGUi
JGH$XFRPR\DVHFDOFXOyODFDQWLGDG
GH RUR FRQWHQLGR HQ HO PLQHUDO SRU DQiOLVLV
GHHQVD\RDOIXHJRVHSURPHGLDURQHVWRVGRV
UHVXOWDGRV RULJLQDQGR XQ UHVXOWDGR ¿QDO GH
JGHRURSRUWRQHODGDGHPLQHUDO
B. Procesos de lixiviación
1) Lixiviación con cianuro(Q OD JUi¿FD 
TXH GHVFULEHQ HO SURFHVR GH FLDQXUDFLyQ HO
FRPSRUWDPLHQWRGHODVFXUYDVWLHQHWUHViUHDV
R ]RQDV GH¿QLGDV TXH GHVFULEHQ OD FDQWLGDG
GH RUR GLVXHOWR HQ OD VROXFLyQ \ OD DFWLYLGDG
GH UHDFFLyQ R DJUHVLYLGDG GHO FLDQXUR HQ HO
PLQHUDO (O iUHD  WLHQH SRUFHQWDMHV GH EDMR
QLYHO HV GHFLU HO FLDQXURQRKD UHDFFLRQDGR
±HWDSDGHGXUDFLyQDSUR[LPDGDGH WUHVKRUDV
\ PHGLD± HQ ODV VLJXLHQWHV GRV KRUDV VH
SUHVHQWDHOiUHDGRQGHHOFLDQXURKDVXELGR
VXDJUHVLYLGDGFRQHOSRUFHQWDMHGHGLVROXFLyQ
GH RUR DGHPiV GH JDVWDUVH HO FLDQXUR HQ HO
RUR ORVDJHQWHVFLDQLFLGDVVLJXHQDYDQ]DQGR
HQHOFRQVXPRGHDJHQWHOL[LYLDQWH$PHGLGD
TXH DXPHQWD OD FRQFHQWUDFLyQ GH DJHQWH
OL[LYLDQWH DXPHQWD HO SRUFHQWDMH GHPHWDO GH
LQWHUpVH[WUDtGR$OYDORUDUODFXUYDGHPD\RU
FRQFHQWUDFLyQ GH FLDQXUR VH WLHQH HO PHMRU
UHQGLPLHQWR HQ HO SURFHVR GH OL[LYLDFLyQ GH
PLQHUDODXUtIHURFRQHVWHDJHQWHHQXQSHULRGR
GHRFKRKRUDVFRQWLQXDVGHWUDEDMR(VSRVLEOH
DOFDQ]DUPD\RUHVSRUFHQWDMHVHQUHQGLPLHQWR
VDELHQGRTXHODUHDFWLYLGDGGHOFLDQXURSXHGH
WDUGDUGHDKRUDV>@
*Ui¿FD([WUDFFLyQGHRURFRPSDUDWLYDFRQODVWUHV
concentraciones de cianuro
2) Lixiviación con tiourea: 3DUD ODV
WLRXUHDFLRQHVVHXWLOL]DURQWUHVGRVL¿FDFLRQHV
GLVWLQWDVGHDJHQWHOL[LYLDQWH/DVOL[LYLDFLRQHV
FRQWLRXUHDRIUHFHQJUDQUHDFWLYLGDGHQWLHPSRV
FRPSUHQGLGRVGHDKRUDV>@UD]yQSRUOD
FXDO ODV FXUYDV GH OD JUi¿FD GH HVWH SURFHVR
ofrecen información detallada del aumento 
GH H[WUDFFLyQ GH RUR FRQ UHVSHFWR DO WLHPSR
\ FRQWURO GH S+ DPHGLGD TXH WUDQVFXUUH HO
WLHPSRODUHDFWLYLGDGGHODWLRXUHDHVPD\RU
\PDQWHQLHQGRHOS+HQWUH\UDQJRGH
PD\RU DFWLYDFLyQ \ SRU FRQVLJXLHQWH PHMRU
UHFXSHUDFLyQGHPHWDOGHLQWHUpV
&XDQGRVH WUDEDMyFRQFHQWUDFLyQGHJGH
DJHQWHOL[LYLDQWHVHORJUyHOPD\RUUHQGLPLHQWR
FRQ UHVSHFWR D ODV GHPiV FRQFHQWUDFLRQHV
FRPRORPXHVWUDODJUi¿FD
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*Ui¿FD([WUDFFLyQGHRURFRPSDUDWLYDFRQODVWUHV
concentraciones de tiourea
C. Comparación de los procesos de lixiviación
3DUD HODERUDU OD JUi¿FD  VH WRPy HO PHMRU
UHVXOWDGR SRUFHQWXDO GH GLOXFLyQ GH RUR HQ
ORVOLFRUHVGHFDGDSURFHVRGHOL[LYLDFLyQ6H
SXHGH FRQFOXLU FRQ FDGD FXUYD FXiO DJHQWH
DWDFDFRQPD\RUH¿FLHQFLDDORURHQFDSVXODGR
GHQWURGHOPLQHUDO/RVSURFHVRVGHOL[LYLDFLyQ
se hicieron con las mismas condiciones de 
WUDEDMRVHREVHUYDTXHHOFRPSRUWDPLHQWRGH
OD WLRXUHD GDPHMRUHV UHVXOWDGRV HQPHQRUHV
WLHPSRVGHWUDEDMRHQODUHFXSHUDFLyQGHRUR
*Ui¿FD&RPSDUDFLyQGHORVPHMRUHVUHVXOWDGRVHQ
ORVSURFHVRVGHOL[LYLDFLyQ
IV. CONCLUSIONES
/RVSURFHVRVGHLGHQWL¿FDFLyQGHODVHVSHFLHV
TXtPLFDV SUHVHQWHV HQ HO PLQHUDO JHQHUDQ
LQIRUPDFLyQ EiVLFD SDUD UHDOL]DU HQVD\RV DO
IXHJRGHWDOIRUPDTXHVHSXHGDFDUDFWHUL]DU
ODPD\RUFDQWLGDGGHRUR\HVFRJHUHOPRGHOR
FRQYHQLHQWHGHH[WUDFFLyQGHPHWDO
/DGRVL¿FDFLyQySWLPDGHFLDQXURFRUUHVSRQGH
DJSRUFDGDJGHPLQHUDO
/DPHMRUH[WUDFFLyQGHRURGHVGHHOPLQHUDOVH
REWXYRFXDQGRVHDJUHJyJGHWLRXUHDSRU
FDGDJGHPLQHUDO
/DV OL[LYLDFLRQHV FRQ FLDQXUR HQ RFKR KRUDV
GH WUDEDMR GDQ UHQGLPLHQWRV GH UHFXSHUDFLyQ
GHRURGHOPLQHUDOGHORUGHQGH\FRQ
WLRXUHD  HVWD JDQDQFLD VH GD SRUTXH
OD UHDFFLyQ GH OD WLRXUHD VH ORJUD HQ PHQRU
WLHPSRTXHHOFLDQXURSRUHVWDUD]yQVHSXHGH
GHFLU TXH OD WLRXUHD HQ HO GHVDUUROOR GH HVWH
HVWXGLRHVPHMRUDJHQWHOL[LYLDQWH
(Q HO SURFHVR GH FLDQXUDFLyQ VH WUDEDMy FRQ
S+GHD\HQODWLRXUHDFLyQFRQS+
GHDFRQWURODGRHOS+GHQWURGHHVWRV
UDQJRVVHORJUDPD\RUUHFXSHUDFLyQGHRUR
6H SXHGH FRQFOXLU TXH OD XWLOL]DFLyQ GH OD
WLRXUHD SDUD H[WUDHU RUR GHVGH XQPLQHUDO HV
XQDWHFQRORJtDQRYHGRVD\VHQFLOODFRPSDUDGD
FRQ RWURV DJHQWHV OL[LYLDQWHV SXGLHQGR
FRPSHWLUFRQODFLDQXUDFLyQ
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